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© Strain-gauge mounting for force-sensing touch-screen. 



® A mounting for supporting a portion of a touch- 
panel (16) or display and for measuring the force at 
the mounting due to a force applied to the touch- 
panel is described incorporating a touch-panel or 
display, a frame, a spring or beam (12) having one 
end rigidly attached to the touch-panel (16) or to the 
frame with the other end free to rotate and attached 
to a torsion bar, wire, or strap. The torsion bar (20) 
may have portions at right angles to one another to 

^ permit limited motion in the plane of the touch-panel. 
The invention overcomes the problem of a strain 
gauge mounting with a mounting which may with- 

qq stand excessive forces during shipping, subsequent 
distortion in the frame over time, and some lateral 

JJJ movement of the touch-panel in the plane of the 

Ifj touch-panel as well as some deflection during use. 
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This application is cross-referenced to serial 
No. 324,777* filed on March 14, 1989 to D. Flowers 
et al. now allowed and assigned to the assignee 
herein entitled Touch sensing Display Screen Ap- 
paratus which is directed to a touch sensing dis- 
play device supported directly upon a plurality of 
beam springs preferably double cantilever mounted 
between the frame and the display wherein the 
beam springs contain strain gauges to detect the 
applied force when the display surface is touched. 

This invention relates to strain-gauge mounting 
for detecting a force applied orthogonal to the 
surface of a touch-screen panel or electro-optical 
data display and more particularly, to a resilient 
single cantilever spring mounting for supporting the . 
touch-screen under various mechanical loads and 
vibration during shipping and use modes. 

In US Patent 4,121,049 which issued on Octo- 
ber 17, 1978 to F. W. Roeber entitled "Position and 
Force Measuring System", a position and force 
measuring system is described having a rigid con- 
toured or flat plate which is fixed to another rigid 
plate with a spring such as in the form of a flexible 
column, either solid or hollow and including a mini- 
mum of three sensors located at selected points for 
measuring either strain in the mechanism or intra 
surface distances. The springs may each be 
shaped as a half of a hollow cylinder with extended 
flanges connected to the edges of the flanges to 
surfaces of the rigid plates. The radius of curvature, 
length and thickness of the spring may be chosen 
according to the size and weight of the device and 
the input forces associated with the application. 

In US Patent 4,355,202 which issued on Octo- 
ber 19, 1982 to John Decosta et al. entitled 
"Mounting Arrangement For .a Position Locating 
System", a mounting arrangement is described for 
a position locating system in which the area of. the 
force sensing device is effectively reduced to a 
predetermined point of action to increase the accu- 
racy of the measurement of the location of the 
force on a touch surface. The force sensing device 
may be a piezo-electric transducer in the form of 
disk, a strain gauge sensor, or a variable capaci- 
tance transducer. . 

In US Patent 4,550,384 which issued on Octo- 
ber 29, 1985 to K. Kimura entitled "Touch System 
Coordinates Input Apparatus", a touch panel is 
described having four slots each starting from the 
edge and parallel to a respective side of the panel 
to provide straining portions which are strained 
when a force is applied to the panel. Further, 
cantilever beams are shown which are deflected by 
a needle as the panel is pushed. 

In US Patent 4,558,757 which issued on De- 
cember 17, 1985, to Y. Mori et al. entitled "Position 
Coordinate Input Device", a position coordinate in- 
put device is described comprising an input plate; 



four elastic plates which are provided at four posi- 
tions of said input plate, respectively; and four 
stress detectors for detecting component forces of 
an external force applied to a point on the input 

5 plate, respectively, which are provided on the elas- 
tic plates, respectively, whereby coordinates of the 
point of application of the external force are de- 
tected and data of the coordinates are transmitted 
to other apparatuses. 
io In US Patent 4,697,049 which issued on Sep- 

tember 29, 1987 to H. Peemolle et al. entitled 
"Device For Producing X-Y Coordinate Addresses 
For A Picture Screen", a device for producing x-y 
coordinate addresses for a picture screen is de- 

75 scribed comprising three plates, an operating plate 
and two auxiliary plates, disposed parallel to the 
operating plate. The three plates are intercon- 
nected by means of resilient edge supports, and 
force measuring sensors are positioned between 

20 the plates along the edges at. a midway point. 

In Japanese Patent Document 59-17679 by T. 
Maeoka entitled "Input Device of Coordinate", pub- 
lished January 28, 1984, a pressure detecting type 
coordinate input device is described comprising an 

25 input plate to input positional information or hand- 
writing characters, four supporting means for sup- 
porting the input plate, four pressure detectors be- 
tween the input plate and a face plate, and regulat- 
ing means to regulate the positions of the support- 

30 ing means. Spring members are attached to the 
four supporting means, respectively, and fitted to 
prevent spring-back at the depression to the input 
plate by applying pre-load to the pressure detec- 
tors. A damping means to absorb oscillation of the 

35 input plate is also, provided. 

In accordance with the present invention, an 
apparatus is provided for supporting a portion of a 
touch panel or touch-sensitive surface and for mea- 
suring the force at the apparatus due to a force 

40 applied substantially perpendicular to the touch- 
panel comprising, a beam or beam spring extend- 
ing from the touch-panel having a first end rigidly 
attached to the touch-panei to cause bending of the 
beam at times the second end of the beam is 

45, deflected, a wire strap or torsion bar coupled to the 
second end of the beam for holding the second 
end at a first position or rest position without apply- 
ing bending movements to the beam, the wire 
strap or torsion bar permitting the second end to 

so rotate due to bending of the beam at times a force 
is applied to the touch-panel to permit the beam to 
bend as a cantilever, and strain gauges positioned 
on the beam for detecting strain in the beam at 
times the touch-panel is deflected with respect to 

55 the first position due to an applied fore . 

The invention further provides an apparatus for 
supporting a portion of a touch-panel or touch- 
sensitive surface and for measuring the force at the 
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apparatus due to a force applied substantially per- 
pendicular to the touch-panel comprising a support 
fixture, a beam extending from the support fixture 
having a first end rigidly attached to the support 
fixture to provide bending of the beam at times the 5 
second end of the beam is deflected, the touch- 
panel coupled to the second end for holding the 
second end at a first position or rest position with- 
out applying bending movements to the beam, the 
touch-panel permitting the second end to rotate 10 
due to bending of the beam at times a force is 
applied to the touch-panel to permit the beam to 
bend as a cantilever, and strain gauges positioned 
on the beam for detecting strain in the beam at 
times the touch panel is deflected with respect to 15 
the first position due to an applied force. 

It is an object of the invention to provide a 
strain-gauge mounting which is less sensitive to 
distortions of the supporting structure due to touch- 
ing the bezel, tilting the display, or the gradual 20 
warping of the supporting structure. 

It is a further object of the invention to provide 
a strain-gauge mounting which allows one end of 
each cantilever to rotate more-or-less freely, thus 
minimizing the effects of structural distortion. 25 

It is a further object of the invention to provide 
a strain-gauge mounting which will minimize the 
effects of structural distortion without introducing 
sensitivity to tangential forces, i.e. force in the 
plane of a touch-panel at times the touch-panel is 30 
deflected and without introducing artifacts such "as 
stiction and rattling of an actual pinned joint or a 
dead zone due to mechanical linkage. . 1 - - 

It is a further object of the invention to provide 
a strain-gauge mounting which will withstand var- 35 
ious mechanical loads and vibration during ship- 
ping and use. 

It is a further object of the invention to provide ' 
a strain-gauge mounting which will permit lateral 
movement of the mounting in both the X and Y 40 
directions in the plane of the touch-panel such as 
.8 mm whiie providing accurate indications of force. 

It is a further object of the invention to provide 
a strain-gauge mounting which includes a cantile- 
ver beam affixedly attached at a first end and 45 
attached to a torsion bar at the second end which 
provides an insignificant bending moment of 5 per- 
cent or less to the cantilever beam. " > 

It is a further object of the invention to provide 
a cantilever 'beam' attached to a torsion bar at one so 
end wherein the torsion "bar is' supported by arms 
flexible to bending about an axis substantially or- 
thogonal to the plane of the cantilever beam. 

It is a further object of the invention to' provide 
a cantilever beam attached to a torsion bar at one 55 
end wherein the torsion bar is supported by two 
arms, ach arm having a first region which may be 
twisted by rotation of the beam end and may only 



bend about an axis substantially orthogonal to the 
plane of the cantilever beam. 

These objects are>solved basically by the solu- 
tion given in the independent claims. 

Further advantageous embodiments are laid 
down in the subclaims. 



The invention will be shown in more detail in 
the following description in accordance with the 
drawing in which embodiments are shown in which: 



Fig. 1 


is a first embodiment of the inven- 




tion; 


Fig. 2 


is a cross-section view along the 




lines 2-2 of Fig. 1; 


Fig. 2A 


is a perspective view of torsion bar 




20 shown in Fig. 1 ; 


Fig. 3 


is a second embodiment of the in- 




vention; 


Fig. 4 


is a cross-section view along the line 




4-4 of Fig: 3; 


Fig. 5 


is a third embodiment of the inven- 




tion; 


Fig. 6 


is a cross-section view along the 


lines 6-6 of Fig. 5.; 


Fig. 7 


is a cross-section view along the 




lines 7-7 of Fig. 5; 


Fig. 8 


is a cross-section view of a fourth 




embodiment of the invention; 


Fig. 9 


is a fifth embodiment of the inven- 




tion; 


Fig. 10 


is a cross-section view along lines 




10-10 of Fig. 9; and 


Fig. 11 


is an ienlarged view of a portion of 




Fig. 1 showing the strain gauges in- 




terconnected on the beam. 


Referring 


now to the drawing and in particular 



to Fig. 1, strain-gauge mounting 10 is shown com- 
prising a beam spring 1 or beam 12 having a first 
end 14 rigidly attached to a transparent touch- 
panel 16. Beam 12 may be fiat having a thickness 
of about .76 mm (.030 inches). Beam 12 may be 
made of stainless steel, spring steel, or an alloy of 
aluminum. The width of beam 12 as shown by 
arrow 15 is selected to provide lateral support to 
touch-panel 16, i.e., forces in the plane of touch- 
panel 16. Beam 12 may be attached to touch-panel 
16 by gluing, clamping or some other means suit- 
able to make a rigid connection between beam 12 
and touch-panel 1 6. 

Beam 12 has a longitudinal axis 17 and second 
end 18 which extends to or through slot 35 of 
torsion bar 20 shown in Figs. 2 and 2B. Fig. 2 is a 
perspective view of torsion bar 20 shown in Fig. 1 . 
Torsion bar 20 functions to hold or support, second 
end 18 at a first position in elevation with respect 
to the plane of the touch-panel without applying 
bending moments in excess of, for example, 5 
percent to beam 12 compared to bending moments 
from the other end of beam 12. Torsion bar 20 may 
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be rigid in the region of beam 12 as shown by 
reference number 21 in Fig. 1. Torsion bar 20 may 
have a predetermined torsion or torque constant 
and is flexible in regions 22-25 permitting region 21 
to twist or rotate as beam 12 rotates in the range 
from 0 to 5 degrees with very little bending mo- 
ment, for example 5 percent or less, than that of 
beam 12 at times when touch panel 16 is de- 
flected. Torque is defined as the tendency to pro- 
duce rotation or torsion that consists of the product 
of the force and the perpendicular distance from 
the line of action of the force to the axis of rotation. 
A moment is defined as the product of a quantity 
such as a force and the distance to a particular 
axis or point and therefore is the tendency to 
produce motion especially about a point or axis. 
Torsion bar 20, and especially regions 21, 22 and 
24 has a longitudinal axis 29 which passes through 
regions 22 and 24 and about which rotation or 
twisting of regions 22 and 24 occurs. 

Regions 22 and 23 are transverse to one an- 
other and, as shown in Fig. 1, are orthogonal to 
one another. Regions 24 and 25 of torsion bar 20 
are transverse to one another and as shown in Fig. 

1 are orthogonal to one another. Regions 22-25 
may have the same thickness shown by arrow 32 
in Fig. 1 and height shown by arrow 33 in Fig. 2 
wherein the height is several times more than the 
thickness, for example, in the range from 3 to 10 
times the thickness. Region 23 is supported by 
boss or column 26 which has a hole for receiving 
bolt or screw 27. Bolt or screw 27 firmly attaches 
boss or column 26 to bezel or frame 28. Bosses 26 
and 30 may be fitted with projections (not shown) 
that engage holes in frame 28 to prevent rotation of 
bosses 26 and 30 due to forces from torsion bar 
20. Region 25 is held in place by boss or column 
30 which has a. hole for bolt or screw 31 which is 
attached to bezel or frame 28. Bosses 26 and 30 
support torsion bar 20 and hold torsion bar 20 at a 
fixed distance above surface 34 of bezel or frame 
28. Torsion bar 20 and bosses 26 and 30 may be 
fabricated as one intregral part of polymeric ma- 
terial, plastic, composite material or metal, for ex- 
ample, by injection molding of plastic. The height 
of torsion bar 20 as well as its width, or thickness, 
is selected so that torsion bar 20 will not be de- 
flected or moved towards surface 34 of frame 28. 
Beam 12 functions as a single cantilever beam and 
has positioned thereon strain gauges 36-39, which 
is illustrated in more detail in Fig. 11. Wires from 
strain gauges 36-39 (not shown) may b6 placed in 
channel 42 and 44 of frame 28 to interconnect with 
an electrical circuit for providing a signal indicative 
of the force on beam 12. 

Fig. 2 is a cross section view along the lines 2- 

2 of Fig. 1. Fig. 2 shows beam 12 rigidly attached 
to touch panel 16 at a first end 14. The second end 



of beam 12 passes through the center of torsion 
bar 20 at region 21. Region 21 is relatively inflexi- 
ble. Beam 12 may be attached to region 21 by 
inserting and gluing or by bending the end of beam 

5 12 to provide a surface to mechanically attach to 
torsion bar 20. Beam 12 may be indented in its 
width at region 21 to provide a positive stop as it' 
passes through a slot 35 parallel to the plane of 
touch-panel 16 having a width corresponding to the 

io width of beam 12 at the indentation. Thus the 
position of torsion bar 20 with resect to second end 
18 may be determined by the indent of the width in 
beam 12. Fig. 2 shows surface 34 which is carved 
out of frame 28 to provide a flat area for mounting 

75 torsion bar 20 and bosses 26 and 30. The frame 
may have horizontal surfaces 46 and 47 which are 
at the same height as shown in Fig. 2 or the 
surfaces may be contoured to a desired shape. 
Touch-panel 16 may be transparent glass 

20 0.125 inches thick, or may be of some other ma- 
terial for example a plastic sheet, plexiglass, wood 
or metal for transferring force to the edges of the 
panel. Touch-panel 16 may be a frame having in its 
interior a flexible material. The flexible materiai 

25 may be elastic such as elastomeric or polymeric so 
long as the there is sufficient clearance behind the 
flexible material to permit the expected forces to 
be applied to the flexible material without touching 
objects behind it. 

30 The touch panel may be placed in front of a 

display or an image requiring the material or areas 
therein to be transparent, or, the touch panel may 
have an image or marking thereon permitting the 
touch-panel to be translucent or opaque. Or, the 

35 touch-panel may be \ opaque with no markings 
thereon. Touch-panel 16 may be flat or may be 
contoured or have a curved surface. Touch-panel 
16 may be any desired electro-optical display such 
as a cathode ray tube (CRT), a cold plasma display 

40 screen, a liquid crystal display (LCD) light emitting 
diode displays (LEDs), electroluminescent panels, 
incandescent or neon bulb panels. The size and 
shape of torsion bar 20 as well as beam 12 would 
be adjusted to support the weight of touch-panel 16 

45 whether it be a single pane of glass or a heavy 
cathode ray tube. 

In operation, when a force is applied downward 
on touch-panel 16 as shown for example by arrow 
50 in Figs. 1 and 2, touch-panel 16 will deflect 

so downward causing beam 12 to bend as a cantile- 
ver. Second end 18 of beam 12 will cause region 
21 to rotate as shown by arrows 51 and 52 which 
causes regions 22 and 24 to rotate likewise. The 
twisting of torsion bar 20 is accomplished in re- 

55 gions 22 and 24. The degree of bending of beam 
12 is sensed by strain gauges 36 through .39 which 
provid s an output indicative of the force applied to 
beam 12 from touch-panel 16. 
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A touch-panel may be supported with three 
strain-gauge mountings spaced apart to provide an 
indication of force on each mounting wherein al- 
gebraically the center of the force may be deter- 
mined. Typically, however, four strain-gauge moun- 5 
tings are used to support a touch-panel. The touch- 
panel is normally rectangular in shape with two' 
strain-gauge mountings 10 positioned on one edge 
at the corners of the touch-panel 1 6 with the other 
two strain-gauge mountings 10 positioned on the 10 
opposite edge at the corners of the touch-panel 16. 
It is understood that the touch-panel 16 may be 
square, rectangular, circular or of any other pattern 
so long as at least three strain-gauge mountings 10 
are positioned spaced apart to support touch-panel 15 
16. The position of applied force may be deter- 
mined by the relative force exerted on each strain- 
gauge mounting 10. 

A practical problem involved with mounting a 
touch-panel 16 or an electro-optical display or CRT 20 
is that inertial forces, exerted by the panel or 
display during shipping, may damage the touch- 
sensors and/or their mounts. Therefore, strain- 
gauge mounting 10 is designed to allow controlled 
movements in the plane of the touch surface, the 25 
movement being limited to a safe amount by pre- 
positioned stops 48 and 49 attached to or built into 
frame 28 without affecting the performance of tor- 
sion bar 20 when force is applied to touch-panel 16 
normal to its surface. The design tolerances ensure 30 
that the touch-panel 16 will be out of contact with 
frame 28 during normal operation, in order that 
ordinary touch forces will be transferred to strain 
gauge mounting 10 as required for measuring the 
touch force. Potentially damaging forces will be 35 
transferred to frame 28 by stops 48 and 49 and 
surface 58. An additional stop attached to frame 28 
(not shown) limits motion in the direction out of 
frame 28 by touch-panel 16. For example, a force 
applied in the plane of touch-panel 16 orthogonal to 40 
beam 12 will cause movement of torsion bar 20 
shown by arrows 53 and 54. The torsion bar will 
bend in regions 25 and 23 to allow the movement • 
of beam 12 in the direction shown by arrows 53 
and 54. The interior of frame 28 may function as a 45 
stop to limit the motion of touch-panel 16. A typical 
stop would allow plus or minus .79 mm (1/32 of an 
inch) in all directions. Tangential force in the plane 
of touch-panel 16 in the direction of beam 12 will 
cause torsion bar 20 to deflect as shown by arrows so 
55 and 56. The movement of torsion bar 20 shown 
by arrows 55 and 56 is accomplished by bowing or 
bending in regions 22 and 24 of torsion bar 20. As 
shown in Fig. 1 it can be appreciated that the 
forces applied may be a combination of tangential 55 
forces in the direction of arrows 54 and 56 wherein 
the fore s may be positive or negative to provide 
simultaneous movement of torsion bar 20 causing 



bending in regions 22-25. It is noted that excessive 
force applied to touch-panel 16 in the plane of 
touch-panel 16 will result in touch-panel 16 being 
deflected the full extent for example, .79 mm (1/32 
of an inch) with the touch-panel 16 edge reaching a 
predetermined stops 48 and 49 on frame 28 which 
will further limit its motion. Sections 22-25 are also 
designed to be stiff in the direction perpendicular 
to the touch-surface, in order to fix the end posi- 
tions 18 of beam 12 so that they will act as force 
sensors. 

Fig. 3 shows a touch-panel 70 which may be 
rectangular in shape and have the attributes of 
touch-panel 16. The deflection of touch-panel 70 is 
detected by beams 71-74 which are rigidly at- 
tached to touch-panel 70. Fig. 4 is a cross section 
view along the lines 4-4 of Fig. 3 showing in more 
detail the rigid attachment of beam 71 to touch- 
panel 70. A rigid clip 76 as shown in Fig. 4 may be 
used to attach beam 71 and touch-panel 70 in 
respective slots 77 and 78. Beam 71 may be glued 
in slot 77 and touch-panel 70 may be glued in slot 
78. Clip 76 may have a width equal to beam 71. 
The second end of beam 71 as well as beams 72- 
74 are attached to wire 80 which may be taut and 
strung around posts 81 through 84. Posts 81-84 
may be held in place in frame 86 by rubber, 
elastomeric or polymeric bushings 100-103 seated 
in frame 86. Bushings 100-103 function to allow 
posts 81-84 to absorb loads in the plane of touch- 
panel 70, i.e. during shipment to prevent wires 80 
from breaking. 

Wire 80 may have a predetermined length or 
wire 80 may be positioned around posts 81 through 
84 and then tightened under tension and crimped 
by clamp 85 to hold wire 80 together in a loop 
wherein the wire ends beyond clamp 85 may be 
cut Posts 81 through 84 are shown positioned in 
frame 86. Frame 86 may have cut outs 88-91 to 
provide clearance for beams 71-74 respectively. 
The second end of beams 71-74 are attached to 
taut wire 80 by any convenient method such as, for 
example, by a clip, by fingers 94-96 at the end of 
beam 71 or by crimping, clamping or some other 
suitable mechanical means. The length of wire 80 
between posts 84 to' 81 for example, have sufficient 
length to allow the second end of beam 71 where it 
is attached to taut wire 80 to rotate at times touch- 
panel 70 is deflected without causing any bending 
movement on beam 71 . In other words, beam 71 is 
free to rotate around top wire 80. Wire 80 may be 
maintained at a predetermined tension by attaching 
a spring 97 to . wire 80 at post 83. The other end of 
spring 97 is attached to post 98 to apply a constant 
tension on wire 80. One or more strain gauges may 
be positioned on each of beams 71-74 to provide 
an indication of force on the respective beam. Taut 
wire 80 may rest on surface 99 of frame ,86 as 
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shown in Figs. 3 and 4 or taut wire 80 may be » 
positioned above surface 99 of frame 86. 

Fig. 5 shows a touch-panel 105 having beams 
106-109 having a first end rigidly attached to 
touch-panel 105. Fig. 6 shows a cross-sectional 5 
view along the lines 6-6 of Fig. 5. Beams 106-109 
may be attached to touch-panel 105 using clips 76. 
in a similar manner as shown in Figs 3: and 4. 
Beams 106-109 should be rigidly affixed to touch- 
panel 105. In Figs. 5 and 6 like references are used 10 
for functions corresponding to the apparatus shown 
Figs 3 and 4. In Fig. 5 a torsion bar comprises a 
taut strap 110 which may be a polymeric material, 
plastic, fabric, composite material of several materi- 
als or metal. Taut strap 110 may have a slot 111 15 
therein for inserting the second end of beams 106- 
109 through slot 111 for attachment of beams 106-. 
109 to taut strap 110. As shown in Fig. 5 fingers 
94-96 may be crimped to provide a mechanical 
fastening of beam 106 to taut strap 110. Alter- 20 
natively, a clip may be used which may be slid 
over taut strap 1 10 having a slot therein for receiv- 
ing beam 106. Beam 106 may be glued in slot 111 
or in the slot of the clip. The insertion of beam 106 
into taut strap 110 is shown more clearly in Fig. 6. 25 
A frame 112 supports taut strap 110 by means of 
pin or roller 114 held in place by straps 115 and 
116 shown in Fig. 6. Straps 115 and 116 are held 
to frame 112 and to roller 114 by screws or bolts 
shown in Fig. 6. 30 

The screws or bolts holding straps 115 and 
116 to frame 112 may be affixed to rubber, 
elastomeric or polymeric bushings 125 seated or 
fastened in frame 112. Bushings 125 function to 
allow straps 115 and 116 to absorb loads in the 35 
plane of touch-panel 105, i.e., during shipment to 
prevent taut strap 110 from breaking. Roller 114 
may have an indent or a portion 117 thereof having , 
a smaller diameter for receiving taut strap 110 and : 
holding strap 110 in position. Taut strap 110, a 40 
torsion bar, functions to hold the end of beams 
106-109 at a first position without applying torque, 
bending moments or torsion , to beams 106-109 
greater than a predetermined value at times force 
is not applied to touch-panel 105. At times touch- 45 
panel 105 is deflected downwards, spring or beam 
106 will bend as a cantilever and taut strap 110 will 
also twist as beam 106 rotates at its end connect- 
ing to strap 110 as shown by arrows 120 and 121. 
Taut strap 1 10 has a height shown by arrow 118 in 50 
Fig. 7 and width or thickness shown by. arrow 119 
in Fig. 5 to prevent deflection of taut strap 110 in a 
direction normal to the plane, of touch-panel 105. 
Further, depending on the width of slot 111 in taut 
strap 110, the movement of beam- 106 is limited in 55 
the direction of taut strap 110. It may be further 
understood that taut strap 110 may permit some 
motion in the direction in the plane of touch-panel 



105 either in the direction shown by arrow 122 or 
123 by a slight bowing of taut strap 110 between 
its supporting rollers 114. 

Fig. 7 is a cross-sectional view along the lines 
7-7 of Fig. 5. In Fig. 7 slot 111 in taut strap 110 is 
shown as a rectangular opening with beam 106 
having the same cross-sectional area. Fingers 94- 
96 are shown crimped on the far side of taut strap 
110. Frame 112 is shown in the background which 
in this configuration is very similar to a picture 
frame having uniform thickness and width. Frame 
112 may be made of plastic, a composite material 
or metal. 

Strain gauges 36-39 may be positioned on 
each beam 106 through 109 in a manner similar to 
beam 12 shown in Figs t 1 and 11. to provide an 
indication of. the force applied to each beam 106, 
through 109. 

Fig. 8 is a cross-sectional view of a. beam or 
spring 130 rigidly, attached by clip . 76 to touch 
screen 70. In Fig. 8 like references are used for 
function corresponding to the apparatus of Figs. 3 
and 4. The other end of beam 130 is positioned in 
a notch 132 in frame 134. The end of beam 130 
may have a taper 136. If notch 132 has tapered 
sides at a first angle and if the taper 136 has a 
second angle smaller than the first angle, then 
beam 130 may rotate through a third angle, for 
example, in the range from 0 to 5 degrees, in notch 
1 32 with minimum' friction. A strain gauge may be 
positioned on beam 130 to detect deflections in 
touch-panel 70 with respect to frame 130. The 
strain gauge mounting shown in Fig. 8 may be 
used in combination with other strain gauge moun- 
tings shown in this application. The strain gauge 
mounting shown in Fig. 8 may be suitable for 
providing a quick release of touch-panel 70. 

Fig. 9 shows. a touch-panel 145 and frame 149. 
Beams 137-140 are shown rigidly attached to . 
frame 149. Beams 137-140 extend underneath 
touch-panel 1.45 and are in contact with touch- 
panel 145 to support touch-panel 145. Contact by 
beams 137-140 may be made for example with an 
adhesive 141-144 over an elastomeric or polymeric 
material 150 shown in more detail in Fig. 10. 

Fig. 10 shows a cross-sectional view along the 
lines 10-10 of Fig. 9. Beam .137 may be attached to 
frame 149 by being glued in a slot 146 to provide 
rigid attachment. The other end of beam 137 may 
be attached to a clip 147 having a slot therein 148 
for receiving the end of beam 137. Beam 137 may 
be glued in slot 148. Above clip 147 is. positioned a 
polymeric material 150 having a predetermined 
hardness. Polymeric . material 150 may be for ex- 
ample, foam rubber, rubber, silicone, urethane or 
polyurethane. Above polymeric material 150 is ad- 
hesive 1 41 which bonds or is glued to touch-panel 
145. When : touch-panel 145 is depressed, poly- 
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meric material 150 deforms with very low resis- 
tance to aiiow the end of beam 137 at clip 147 to 
rotate freely through a small angle. An example of 
polymeric material 150 suitable for use is 4026 
Scotchrhount Double Coated Urethane, 1.59 mm 
(1/16 inch) thick film tape manufactured by Min- 
nesota Mining and Manufacturing Company, St. 
Paul, Minnesota. The above 4026 Scotchmount 
may be further specified by D.C. Part No. 021200- 
67933. The embodiment shown in Figs. 9 and 10 
may provide physical support for touch-panel 145 
at all angles vertical or horizontal. Cantilever beams 
137-140 are rigidly attached at one end, which may 
be at either the frame or touch-panel 145 with the 
oth r end free to rotate with polymeric material and 
adhesive holding the cantilever beam to touch- 
panel 145 or to frame 149 if the rigid end is at the 
touch-panel 145. 

In Fig. 9 strain gauges 36-39 may be mounted 
on each beam 137-140 to detect the force applied 
to each beam. 

In Figs. 9 and, 10, touch-panel 145 may be of 
the same materials previously described for touch- 
panel 16 shown in Figs. 1 and 2. Touch-panel 145 
v may also use flexible elastomeric material, poly- 
meric material, woven fabric of various natural of 
synthetic materials, fibre glass cloth, metal cloth or 
mail with glue, clamps, hooks, eyelets, rivets or 
bolts for fastening the material of touch-panel 145 
to the ends of beams 137-140 with or in place of 
clips 147. A display or image may be positioned 
behind touch-panel 1 45. 

If flexible material is used for touch-panel 145 
there must be adequate clearance or space behind 
or below touch-panel 145 so that all of the touch 
force is borne by or transferred to beams 137-140. 

Fig. 11 is an enlarged view of a portion of Fig. 
1 showing strain gauges 36-39 on beam 12. The 
strain gauge conductors may be made of constan- 
tan, an alloy of copper and nickel, and intercon- 
nected with low resistive metal to form a Wheat- 
stone bridge wherein a voltage, such as 5 . volts, 
may be applied to two terminals connected to 
leads 155 and 157 and the other two terminals 
connected to leads 156 and 158 or vice versa to 
provide an output voltage indicative of the force 
applied to beam 12. The wiring of each strain 
gauge or extensometer is longitudinal along beam 
12 as shown in Fig. 11. One end of strain gauge 36 
is connected to strain gauge 38 via lead 155. The 
other end of strain gauge 36 is coupled to strain 
gauge 39 via lead 156. The other end of strain 
gauge 39 is coupled to one end of strain gauge 37 
via lead 157. The other end of strain gauge 37 is 
coupled to other end of strain gauge 38 via lead 
158. This connection serves to measure force while 
cancelling residual moments coupled through the 
torsion bars. Strain gauges 36-39 may be formed 



on a polymeric film or insulating layer 152 and 
glued to beam 12. Alternatively, strain gauges 36- 
39 may be formed on beam 12 directly with an 
insulation layer 152 formed first on beam 12 to 
5 prevent shorting of strain gauges 36-39 to beam 
12. 

This arrangement of strain gauge elements is 
sensitive to the change of curvature with position 
along the longitudinal axis of the beam, which 

10 change would be insensitive to applied moments 
and is primarly due to force. Such configuration 
provides additional immunity from frame distortion 
or mounting inaccuracy. 

The signals from the strain gauges indicative of 

75 force applied to each respective beam may be 
used to determine the location and the total force 
applied to the surface of touch-panel 16. One ex- 
ample of the processing of signals indicative of 
force from a touch-panel is provided in US Patent 

20 4,511,760 which issued on April 16, 1985 to R.L 
Garwin and J.L. Levine, the inventors herein, and 
assigned to the assignee herein entitled "Force 
Sensing Data Input Device Responding to the Re- 
lease of Pressure Force" which is incorporated 

25 herein by reference. Another example of the pro- 
cessing of signals indicative of force from a touch- 
panel is provided in US Patent 4,745,565 which 
issued on May 17, 1988 to R.L. Garwin and J.L. 
Levine, the inventors herein and assigned to the 

30 assignee herein entitled t "Calibration of a Force 
Sensing Type of Data Input Device" which is incor- 
porated herein by reference. 

Claims 

35 

1. An apparatus for supporting a portion of a 
touch-panel (16) and for measuring the force at 
said apparatus due to a force applied to said 
touch-panel comprising, 

.40 

a beam (12) extending from said touch-panel 
(16) having a first (14) and second (18) end, 
said first end (14) rigidly attached to said 
touch-panel (16) to cause bending of said 
45 beam at times said second end is deflected, 

first means coupled to said second end (18) 
for holding said second end at a first position 
without applying bending moments to said 
so ■ beam greater than a predetermined value at 
times said force is applied, 

said first means permitting said second end 
(18) to rotate due to bending of said beam (12) 
55 at times said force is applied to permit said 

beam to bend as a cantilever, and 

second means for detecting strain in said 
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beam at times said touch-panel moves with 
respect to said first position due to said ap- 
plied force. 

The apparatus of claim 1 further including a 
support fixture for supporting said first means 
and third means coupled to said support fixture 
to permit said first means to be moved in a 
direction in the plane of said touch-panel (16). 

The apparatus, of claim 1 or 2, further including 
fourth means coupled to said support fixture 
and spaced from said touch-panel (16) to limit 
the distance said touch-panel (16) may be 
moved whereby said beam and said first 
means are protected from forces due to accel- 
eration of said touch-panel (16) during ship- 
ping. 

An apparatus for supporting a portion of a 
touch-panel (16) and for measuring the force at 
said apparatus due to a force applied to said 
touch-panel comprising, 

a support fixture, 

a beam (12) extending from said support fix- 
ture having a first (14) and second (18) end, 
said first end rigidly attached to said support 
fixture to cause bending of said beam (12) at 
times said second end is deflected, 

said touch-panel (16) coupled to said second 
end (18) for holding said second end at a first 
position without applying bending moments to 
said beam greater than a predetermined value 
at times said force is applied, 

said touch-panel (16) permitting said second 
end (1 8) to rotate due to bending of said beam 
at times said force is applied to permit said 
beam to bend as a cantilever, and 

first means for detecting strain in said beam at 
times said touch-panel (16) moves with respect 
to said first position due to said applied force. 

The apparatus of claim 1, 2, 3 or 4, wherein 
said touch-panel (16) includes a torsion bar 
(20), wherein said torsion bar is preferably 
rectangular in cross-section and has a height 
at least five times more than its wibth, or/and 
wherein said torsion bar (20) has preferably a 
longitudinal axis and wherein said second end 
is connected to said torsion bar on a line 
passing through said longitudinal axis, or 
wherein said touch-panel or said first means 
includes a substantially taut wire preferably 
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affixed thereto and coupled to said second 
end, wherein said substantially taut wire (80) is 
preferably parallel to the surface of said touch- 
panel (16), or wherein said touch-panel (16) or 
said first means includes a substantially taut 
band having a width substantially greater than 
its thickness preferably affixed to said touch- 
panel and coupled to said second end. 

The apparatus of claim 5, wherein said torsion 
bar (20) has first regions to permit twisting 
about its longitudinal axis and shaped to permit 
bending in a first direction and to resist bend- 
ing in a second direction substantially ortho- 
gonal to said first direction. 

The apparatus of claim 5 or 6, wherein said 
torsion bar (20) has second regions substan- 
tially orthogonal to said first regions and 
shaped to permit bending in a third direction 
and to resist bending in a fourth direction sub- 
stantially orthogonal to said third direction. 

The apparatus of any one of the claims 1 to 7 
further including second means coupled to 
said support fixture and spaced from said 
touch-panel (16) to limit the distance said 
touch-panel may be moved whereby said 
beam (12). and support fixtures is protected 
from forces due to acceleration of said touch- 
panel during shipping. 

A support for supporting a touch screen and 
for detecting the force applied normal to the 
surface of said touch-panel (16) comprising: 

a beam (12) having a length along a longitudi- 
nal axis, a width and a thickness, 

said beam (12) having a first end adapted 
along its width for rigid attachment to said 
touch-panel, . 

said beam having a second end supported 
along its width by a first means at a rest 
position in elevation with respect to the surface 
position of said touch-panel at times said force 
is applied, • , 

said first means permitting said beam freedom 
to rotate about said second end at times said 
beam is deflected due to movement of said 
touch-panel (16) at times said force is applied 
to the surface of said touch-panel, 

said beam adapted for positioning strain 
gauges thereon to detect the amount of deflec- 
tion of said beam indicative of said applied 
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force. 

10. A support for supporting a touch-panel with 
respect to a base and for detecting the force 
applied normal to the surface of said touch- 5 
panel (16) comprising: 

a beam (12) having a length along a longitudi- 
nal axis, a width and a thickness, 

70 

said beam (12) having a first end adapted 
along its width for rigid attachment to said 
base at a constant position in elevation with 
respect to the surface position of said touch- 
panel at times said force is applied, , 75 

said beam (1 2) having a second end supported 
along its width by a first means, 

said first means coupled to said touch-pane! 20 
(16) and permitting said beam freedom to 
rotate about said second end at times said 
beam is deflected due to movement of said 
touch-panel (16) at times said force is applied 
to the surface of said touch-panel, 25 

said beam adapted for positioning strain, 
gauges thereon to detect the amount of deflec- 
tion of said beam indicative of said applied 
force. 30 

11. A support for supporting an object having a 
major surface with respect to a base and for 
detecting the force applied normal to said ma- 
jor surface of said object at each of a plurality 35 
of supporting locations comprising: 

a plurality of beams (137 - 140), each said 
beam having a length along a longitudinal axis, 
a width and a thickness, 40 

each said beam having a first end adapted 
along its width for rigid attachment to said 
base, 

45 

each said beam having a second end sup- 
ported along its . width by a respective first 
means at a constant position in elevation with 
respect to the position of said major surface of 
said object at times said force is applied, - so 

each said first means coupled to said object at 
one of said respective locations and permitting 
said respective beam freedom to rotate about 
said second end at times said respective beam 55 
is deflected due to movement of said object at 
times said force is applied to said major sur- 
face of said object, 



each said beam adapted for positioning strain 
gauges thereon to? detect the amount of deflec- 
tion of said beam indicative of said applied 
force at each said beam. 

12. A method for supporting a portion of a touch- 
panel (16) and for measuring the force for 
supporting said portion due to a force applied 
to said touch-panel comprising the steps of: 

attaching the first end of a beam (12) rigidly to 
said touch-panel (16) to cause bending of said 
beam at time the second end of said beam is 
deflected, 

holding said second end at a first position 
without applying bending moments to said 
beam greater than a predetermined value at 
times said force is applied, 

said step of holding includes the step of per- 
mitting said second end to rotate due to bend- 
ing of said beam at times said force is applied 
to permit said beam to bend as a cantilever, 
and 

detecting strain in said beam at times said 
touch-panel moves with respect to said first 
position due to said applied force. 

13. The method of claim 12, wherein said step of 
holding said second end includes the step of. 
holding with a. torsion bar, or wherein said step ., 
of holding said second .end includes the step 
of holding with a substantially taut wire, or 
wherein said step of holding with a substan- 
tially taut wire includes the step of aligning 
said taut wire substantially parallel to the sur- 
face of said touch-panel (16), or wherein said 
step of holding said second end includes the 
step of holding with a substantially taut band, 
or wherein said step of holding with a substan- 
tially taut band includes the step of aligning 
said substantially taut band substantially par- 
allel to the surface of said touch-panel, or 
wherein said step of holding said second end 
includes the step of permitting movement of 
said second end in a direction in the plane of 
said touch-panel (16), 
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FIG. 3 
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